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ART. XLIII.-On Mineral Vein formation now in progress at 
Steamboat Springs compared with the same at Sulphur Bank; 
by JOSEPH LECONTE. 

I RECENTLY visited Steamboat Springs for the purpose of 
comparing the phenomena there exhibited with those pl'evi
ously observed at Sulphur Bank and described in this Journal 
of July last. These springs have already been described by 
Phillips and Laur.* I shall, therefore, give only such brief 
description as is necessary to make my comparison intelligible. 

The springs are in Washoe Co., Nevada, about fifteen 
miles south of Reno and immediately on the railroad to Carson 
and Virginia City. The place is, therefore, easily accessible, 
and, being a health·resort, there are good accommodations for 
visitors. The springs issue in a narrow N. and S. valley with 
volcanic ridges on each side, the vents being mainly on the 
slope of the western ridge. On nearing the place by cars, the 
attention of the traveler is strongly attracted by the clouds of 
condensed steam issuing from many vents over a bare rocky 
space about the hotel and extending northward a half mile or 
more. On closer examination the vents are seen to be sepa
rate, but occurring in linear series, showing that they are con
nected by continuous fissures. These fissures may be traced 
from vent to vent often as a vein, filled by a deposit of silica 
from the hot alkaline waters. 1'he separate vents, especially at 
the south end of the fumarole area, are each on the top of a 
gently sloping mound (some of which are 15 to 20 feet high) 
formed by deposit from the water. The mounds, however, rlln 
together at their bases and form a continuous crust of silica. 
Toward the northern part of the area the crust is still more 
evenly continuous. It forms here, in fact, a continuous 
rounded shell-like deposit, firm, hard, and ringing under the 

I. 

heel, about 2 to 3 hundred yards wide, at least a half mile long 
and 15 to 20 feet in thickness. This clean, hard, shell-like crust 
lies against the slope of the western hill and reaches to near 
the bottom of the valley. (Fig. 1.) 

* Laur, Annales des Mines, for 1863, p. 423. Phillips, Phil. Mag., 1871, vol. 
xlii, p. 401. 
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We have said that about the hotel the vents are mostlv 
separate but arranged on lines which were evidently fissures. 
These fissures are some of them open, some partly filled but 
water still issuing from a narrow crevice in the middle, some 
wholly filled with deposit. The deposited silica occurs in 
almost every conceivable form-most commonly as tufaceous 
sinter in thin horizontal layers, sometimes with beautiful agate
like structure, sometimes milky chalcedonic, and sometimes sac
charoid quartz. Everywhere the horizontal-banded structure 
is conspicuous and in some cases the filling of fissures by suc-
cessive deposits has given rise to a vertical 2. 

banded structure like that found in veins. 
Fig. 2 is an ideal section of snch a vein of 
the natnral size. This structllre, however, 
was by no means so conspicuous as I had 
been led to expect from the c1e~criptions of 
previous observers. The deposits in man.Y places are stained 
and clouded with metals, especially iron oxide and cinnabar. 
Wherever the issuance of the hot water is still going on slow ly 
the silica is found in a gelatinous condition. Other observers 
have found in small quantities many other metallic sulphides, 
and even free gold is said to have been found in these sul
phide". Here then undoubtedly mineral veins are now forming 
under our eyes, but their metallic contents are in very small 
proportion. 

In the more northern portion of the fumarole area, as 
already stated, the crnst is more continuous and extensi ve and 
probably thicker. This part was therefore probably at one 
time the principal seat of fumarolic action, but the active vents 
are now very few. This whole area is intersected by a system 
of open parallel fissures of great size and differing somewhat 
from those already mentioned. They aI'e seven or eight in 
number, and the five largest are at least half a mile long, a 
fnot wide, about twenty-five feet apart and apparently 20 to 30 
feet deep. They are tortuous with rough ragged edges and 
evident1y reach to the bottom of the crust. Water does not 
now issue from them but can be seen and heard seven or eight 
feet below, in violent agitation from the escape of steam and 
carbonic acid (fig. 1). There is no evidence that it ever issued 
from them; for their sides and edges are sharply jagged like a 
fracture unmodified by subsequent deposit. The water in them 
seems to issue lower down to the east and north, where are 
found active vents and even feeble geyser eruptions which are 
said to have been more violent at one time than now. 

It will be seen then that there are indeed here fissures filled 
and now filling with quartz veinstone of ribboned structure 
and containing metallic sulphides, yet these are not fissures and 
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veins in the country rock, but only in the crust deposit. The 
country rock is completely buried under this crust probably 
20 to 30 feet deep, and therefore completely concealed from view. 
The hot alkaline waters loaded with silica seem to have de
posited so abundantly that they cover and choke up their own 
vents, while other vents are constantly formed by the expan
sive force of steam fissuring the crust previously formed. The 
great fissures described above were probably formed in this 
way, and perhaps opened by a slight bodily sliding of the crust 
toward the bottom of the valley. The analogy of the filled 
fissures to veins is not so com plete as I bad expected, or as it is 
at Sulphur Bank. If we could get beneath the crust and find 
fissures in the country rock filled by depmlit, then indeed the 
analogy would be complete. This is exactly what we actually 
find at Sulphur Bank. In the immediate fumarole area, the 
country rock is concealed, but wherever not covered by de
posit its character is evident. On the hill slope and in the 
valley to the very margin of the deposit it is everywhere a 
quartz-trachyte or rhyolite. Along the crest of the western 
ridge, however, thete is an outburst of black, very basic rock, 
probably basalt. This ridge is probably a basaltic dyke break· 
ing through a rhyolitic country rock. It is not improbable 
that the fumaroles are the feeble remnants of a volcanic activity 
inaugurated by the basaltic outburst. 

C~'nnabar mines £n the vicinity.-About a mile to the west· 
ward of the springs, cinnaba.r mines have been opened and 
reduction works established. A considerable amount of cinna
bar has been taken out, but the work is now abandoned. Here 
the surface appearances are ·entirely different from those at 
Steamboat Springs, and more like those at Sulphur Bank. 
There is no crust deposit, but on the contrary the whole hill
side rock is decomposed by acid vapors into a white chalky 
earth like that at Sulphur Bank, except that in this case the 
rock being rhyolite, the chalky earth is full of disseminated 
grains of free quartz. Tunnels have been driven into the hill
side at various levels and the ore extracted from the decom
posed earthy matter, but the sound rock has not been reached. 
In this loose earth are found in considerable quantities both 
cinnabar and sulphur-the former in streaks as if .deposited in 
water-ways, the latter more irregularly and widely distributed 
as if formed by oxidation of sulphuretted hydrogen gas. In 
some places sulphates of iron and alumina are very abundant, 
even more so than at Sulphur Bank. There can be no doubt, 
therefore, that here there came up, and probably are still coming 
up, hot waters containing alkaline carbonates and alkaline suI· 
phides, carrying in solution and depositing sulphides of mer
cury and iron by cooling, and by oxidation depositing also suI· 
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phur and forming sulphuric acid. In a word the phenomena are 
here very similar to those at Sulphur Bank, except that here 
the up-coming solfataric waters are less abundant and perhaps 
less rich in metallic sulphides. This, however, can only be 
determined with a certainty by deep explorations. 

Compm'ison q/ Steamboat Springs with Sulphur Bank.-A 
comparison of the phenomena at these two places is interesting. 
The surface phenomena, it is seen, arc very different: in fact in 
complete contrast. At Steamboat Springs the whole country 
rock is covered 20 to 30 feet deep and completely concealed by 
a hard crust of deposited silica; at Sulphur Bank, on the con· 
trary, there is no crust but only a soft chalky residue from the 
acid decomposition of surface rock-a residual silica from which 
the bases have been all extracted. The reason of the difference 
is obvious. At Steamboat Springs the hot waters contain 
mainly alkaline carbonates carrying silica in solution, while at 
Sulphur Bank they contain also largel.Y alkaline sulphides and 
carry metallic sulphides in solution. A crust cannot form at 
Sulphur Bank because the. silica is not brought to the surface, 
the up-coming alkaline waters carrying silica being neutralized 
before reaching the surface by the down-going acid waters. 
The chalky residues of acid decomposition of the surface rocks, 
so conspicuous at Sulphur Bank, do not occur at Steamboat 
Springs, because the alkaline sulphides me in too small proPOl'
tion to prod uce any conspicuous effects by oxidation; whatever 
of rock decomposition occurs there, must be alkali ne, not acid
by removal of silica" not of bases. Such alkaline decom posi
tion doubtless does occur beneath the crust at S l eamboat as it 
does at Sulphur Bank below atmospheric influences. Again, 
since alkaline sulphides are the solvents of metallic sulphides, 
at Steamboat Springs the deposits are almost pure silica-only 
stained here and there with metallic oxides and sulphides; 
while at Sulphur Bank the metallic sulphides, especially mer
curic sulphide, are in large quantity. At the abandoned cinlla' 
bar mines near Steam boat Springs, alkaline sulphides, carrying 
metallic sulphides, again occur, but here again also, these are 
associated with the surface phenomena characterisLic of solfa
taric waters. 

At the Oalifornia Geysers-so-called-we find also solfataric 
action with its invariable accompaniment of acid decomposition 
of the surface rocks with earthy residue, but the freight of 
valuable metallic sulpbides seems to be less abundant there, 
probably only because not met with in the course of the up
coming waters. Iron sulphide, however, is abundantly depos
ited. In true geysers like those of Yellowstone Park and Ice
land, the super-heated waters contain usually only alkaline car
bonates, and therefore carry ill solution and deposit only silica_ 
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Thus then, we have a connected series of deposits from 
super· heated waters, their characters depending upon the com· 
position of these waters: 1. In true ge'ysers the waters being 
pure alkaline carbonates deposit only silica. 2. At Steamboat 
Springs there are some alkaline sulphides, and, therefore, some 
metallic sulphides, but not enough to prevent a crust of depos. 
ited silica. 3. At the California Geysers-so-called-solfataric 
action is conspicuous and therefore no crust is formed, but only 
earthy residue of acid deeomposition of surface rocks. Here 
we have also metallic sulphides deposited, but these are of little 
value. 4. At the cinnabar mines, near Steamboat Springs, we 
have solfataric waters depositing cinnabar and other metallic 
sulphides in considerable quantity, but whether in profitable 
quantity cannot be known certainly unless deeper explorations 
be undertaken. 5. Finally, at Sulphur Bank, the deposit of 
metallic sulphides is abundant and the formation of metallifer
ous veins is illustrated in the most perfect manner on accoun t 
of the deep explorations undertaken at this place. 

In connection with the idea so common, that the metals are 
derived immediately from igneous rocks, it may be well to 
draw attention to the fact, that igneous rocks are by far most 
abundant and igneous action most conspicuous at Yellowstone 
Geysers and at Steam boat ~prings, where there are little or no 
metals; while at Sulphur Bank the country rocks beneath a 
depth of 20 to 30 feet are stratified sandstones and shales of 
Cretaceous age, the igneous rocks being very superficial and 
evidently contributing nothing to the metalliferous deposits. 
It would seem that igneous action supplies a necessary condition 
(heat) for the formation, rather than that igneous rocks supply 
the materials of metalliferous veins. 




